Analysis on the Fire Risk Existing in the Storage of Textile Materials and Textile Goods  by Ma, Jian-yun
 Procedia Engineering  71 ( 2014 )  271 – 275 
Available online at www.sciencedirect.com
1877-7058 © 2014 Published by Elsevier Ltd. Open access under CC BY-NC-ND license. 
Peer-review under responsibility of School of Engineering of Sun Yat-Sun University
doi: 10.1016/j.proeng.2014.04.039 
ScienceDirect
Analysis on the Fire Risk Existing in the Storage of Textile Materials
and Textile Goods 
Jian-yun Ma*
Kunming Fire Fighting Command School, Kunming 650208, China 
Abstract 
Fires that broke out in the storage place of textile materials and textile goods, especially in open storage places, accounts for a relatively 
large proportion in the fire cases occurred in warehouses. Through analysing the fire risk hidden in the storage of textile materials and 
textile goods as well as the causal factors, this thesis aims to provide strong theoretical bases for doing a good job on fire control safety, 
improving self-help abilities and protecting our own fire safety. 
© 2014 The Authors. Published by Elsevier Ltd. Selection and peer-review under responsibility of the Academic Committee 
of ICPFFPE 2013.
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As the most basic materials, textile goods are indispensable in human life. Today’s textile goods not only meet the basic 
needs for covering, but also play the role of beautifying our life and manifesting our culture. Furthermore, textile materials 
also play a large role in medical, industry, agriculture, national defence, aviation and navigation, home decoration and other 
fields. Since textile materials and textile goods are easy to kindle and they are usually stored in a large yard or warehouse, 
once a fire breaks out, the fire will spread rapidly, so it is difficult to fight the blaze and evacuate materials, resulting in 
significant losses. Therefore, it is vital to do well in the fire prevention of textile warehouses. Analysing the fire risks hidden 
in the storage of textile materials and textile goods as well as the causal factors can realize the maximum prevention of fire 
accidents, take reasonable and effective measures after the fire accidents as well. 
1. Analysis of the causal factors of fires  
From the perspective of place and scale of production, yards and warehouses for storing textile materials usually occupy 
a large area with a large number of textile materials and textile goods. Being with larger fire loads, so there must be many 
factors that may cause fires and serious harmful consequences. If there is any mismanagement of fire, electricity, storage, 
transportation and other aspects, the probability of starting a fire will be much higher.  
1.1 Complex environment and irrational layout 
If the layout of the storage area is not very clear, or it leaves no or not enough space from production and life area or the 
layout of the warehouse is irrational, fire carelessly used in production and living and sparks from chimney may cause a fire. 
If the layout of the storage area is unreasonable or the distance doesn’t meet the fire safety requirements, once there is 
someone using fires carelessly, sparks would splash into the storage area and ignite materials, resulting in starting a fire. 
About 2 o’clock on March 19th, 2002, a big fire broke out in the Daheyan cotton station of Xinjiang Cotton Company. The 
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WNW wind measured 10 on the Beaufort scale. The fires burned nearly 2945t of different kinds of cotton, the burned area 
was over 10000 m2, resulting in 16,888 million RMB in property damage. The cotton piles in the storage area were ignited 
by a flying flame carried by the strong wind from outside.  
 
1.2 Fires caused by illegal smoking   
 
A burning cigarette has a high temperature. According to experiments, the center temperature of a burning cigarette can 
be up to 700ć. A quarter of a burning cigarette can continue to burn for 4-5 minutes. Open yard is usually a place with a 
high flow of goods and workers. And many workers, such as those in charge of acquisition and handling, duty officers etc. 
are smoking lovers. Most of these smokers know smoking is prohibited in open yards, however, they usually think they are 
lucky and fires won’t break out around them. As usual, they still smoke while walking or sitting somewhere, even in the 
handling process or in cotton piles. The materials in the warehouse, such as cotton, linen etc. are flammable. They are 
usually piled up together, so the risk to catch a fire is great.  
 
1.3 Lack of management system of storage area 
 
The implementation of the system in storage area is not strict, the management is lax, kindling can be taken into the 
storage area, there is no walls around the storage area, managers or unrelated persons smoke or even arbitrarily use or play 
with fire; Decoration materials, transport vehicles, machinery and equipment enter into the storage area without taking any 
protective measures, exhaust pipes jet out flames or sparks produce with mechanical friction and collision; Textile materials 
and textile products contact with open flames during transit, such as cigarette butts, sparkles of firecrackers etc., which 
haven’t discovered timely; Nonstandard operation produces kindling, for example, the sparkles caused by the collision, 
strike and friction of steel band or other metal used to package bundles of fibers. All of these are the causes of fire disasters. 
On May 5th, the transit store of the apricot blossom of Kaifeng Cotton & Jute Company caught a fire which covered 
432m2. It burned up 375.1 tons of cotton, accounting for RMB 3,601,111 of direct property loss. The fire cause is that the 
storage director and a staff took care of their kids (boys at the age of 12) when they were on duty and the kids played the 
lighters. A boy whose surname is Wang set fire to a ball of checked loose cotton. When it nearly burned the hand, he threw 
the lighter away. Therefore, a ball of checked loose cotton caught a fire. 
 
1.4 Irregular installation of electrical equipments 
 
Irregular installation of electrical equipments that caused fires mainly include the following situations: electric pipes or 
wires too close to the outdoor piles underneath, short circuit and falling burning wire beads are easy to start a fire; Old 
mobile appliances and worn circuits of equipment and machinery, aging of insulation covering and short circuit of broken 
wires create sparks; Long baked of high-power lighting close to goods cause a fire. Short circuit caused by improperly 
installed or worn electrical wiring and the long baking of lighting on combustible goods are also easy to cause a fire. About 
6 am on March 12th, 1996, a fire broke out in the second warehouse of Fujian Pusi Warren Printing Company, which has 
burnt 735,000 RMB of finished fabrics and cotton yarn. The fire was caused by the long-term work of lighting. The 
warehouse staff forgot to cut off the electricity. The long-term working bulb roasted and burned the cotton dust retarded on 
the bulb, then the fire fell on the ground and ignited the surrounding combustible materials. 
 
1.5 Fire caused by the kindlings hidden in raw materials 
 
During transit, if there is a cargo attendant or driver smoking or cooking around, it may bring kindlings to the raw 
materials. Some kindlings hidden in cotton bales during ginning or other processing before storing them into the warehouse 
may also start a fire.  
 
1.6 Fire caused by lightning 
 
If there is no lightning protection devices installed on the warehouses and outdoor piles or the device hasn’t been checked, 
lightning may cause a fire disaster. On February 16th, 1998, a big fire occurred in the warehouse of the cotton company in 
Fuzhou region in Jiangxi, which burned a 1100 m2 area of warehouse and 6021 pieces of lint cotton, resulting in 11,355 
million RMB in property damage. The fire was caused by lightning. The warehouse was built in 1968 and at that time no 
fire protection audit hasn’t been carried out in the local place, so the warehouse didn’t equip with any lightning conductors. 
 
1.7 Arson  
 
     Arson happens occasionally. The main reasons include wilful damage, which is to disturb public security and disrupt 
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normal business; retaliatory arson, mostly of them are designed by the staff, managers or other people who have personal, 
economic and other disputes with the unit; arson for insurance funds, mostly of them are planned by the corresponding 
operator. In order to get the maximum benefit under the background of poor sales or lower prices, the operator would 
purchase insurance for the materials and then set them on fire so as to defraud a huge sum of insurance money; and insane 
arson set by the person who is suffering from severe mental disorder.  
 
1.8 Fire caused by spontaneous combustion 
The natural plant fiber and its textile products have hygroscopicity. The process of hygroscopicity is accompanied with 
energy conversion and it discharges in the form of thermal energy, namely, the fiber releases heat when absorbing moisture. 
Take the cotton fiber for example, when the cotton fiber absorbs 1g water, it will release 1248J heat. The more the 
hygroscopic capacity gets, the more heat will release. Meanwhile, it is inevitable to have lots of microorganism during the 
processing and storing of textile products. The humid environment condition accelerates the growth and reproduction of the 
microorganism. During the reproduction procedure of the microorganism, it will secrete cellulose and acid, as well as mass 
heat. Therefore, the unfavourable heat release will give rise to the temperature increment of the natural plant fiber and its 
textile products. As their heat-conducting property is not good, it leads to poor heat emission when they are stored together, 
and thus the heat will be accumulated. When the temperature of the cotton fiber is close to 150ć, it will start to resolve and 
oxidize. Moreover, the heat will continue to increase. After it reaches the spontaneous ignition point (cotton fiber: 407ć), it 
will burn spontaneously. 
2. Characteristics and damages of fire disasters 
Fires that broke out in the storage place of textile materials and textile goods, especially in open storage places, 
accounts for a large proportion in the fire cases occurred in warehouses. Fires happened in open yards usually burn fiercely 
and long, causing serious losses. And the performance of fires has certain characteristics and particularity. 
 
2.1 Fire spreads quickly from the surface to the center and from the bottom to the top 
 
     Once a fire breaks out at stacking flammable materials, the fire will spread from the surface to the center and from the 
bottom to the top. Since there are usually some joists at the bottom, the fire will spread fast with sufficient air in such an 
open state. According to statistics, it is generally difficult to put off such fire if there is no water being supplied within 
18min. The major routes of its spread are as follows: 
 
(1) Spread on the surface. The fire usually burns from one end to another and from the bottom to the top of the pile.  
 
(2) Spread both inside and outside. If the fire starts on the surface, the fire will quickly spread from the surface to the center; 
If the fire ignites spontaneously, the fire will spread from inside to outside. 
 
(3) Spread to large scale. In strong winds, the fire will quickly spread from one pile to another or even a few piles 
simultaneously. 
In a city, when a cotton plant is importing and exporting cotton, a cotton bag was ignited by the spark created by the 
collision of the hoop of the cotton bag and the metal hook of the crane. At first the fire just spread on the surface. However, 
when the extinguishers was taken there, the fire had spread quickly to the inside, so the extinguishers couldn’t improve the 
situation at all. Fire-brigade arrived at the scene within 10 minutes, but the fire had already covered over an area of 700 m2. 
The surface fire was put off in a few minutes, but the internal fire continuously sprang out. The only way was to use trucks 
and forklifts to evacuate goods while controlling the fire. This fire lasted two days and nights. 
 
2.2 Flying flames lit other materials 
 
      Because of the low density and loose texture of cotton, linen and other substances, their burning debris and fibers are 
usually thrown into the air under the action of wind or the hot air of the fire and fall to other piles and combustible materials, 
causing more fires. On April 29th, 2003, a fire broke out in the warehousing company of Xinjiang Commercial Storage and 
Transportation Company in Urumqi, which was caused by a flying flame that was taken by an upwind from outside. The 
flame first ignited a cotton pile in the west yard of the second warehouse on the south side of the platform. At that day, it 
was the southeast wind (7-8 scale) that blew the burning lint cotton to the No. 34 warehouse 150m away from the first burnt 
pile. Then the warehouse was ignited and spread to the warehouse. Then the flying flame from the warehouse ignited a 
stacking cotton linter 120m away. The fire totally burned more than 300 tons of cotton, which caused 2,771,000 RMB in 
property damages.  
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2.3 Smouldering and afterburning of flammable textile materials lead fire to spread 
 
Most natural plant fibers are tubulose fibers with considerable voidage. Even though they are stored after being packed, 
there is still mass void inside the lumen and between the fibers. According to the density of the cotton and the volume of the 
cotton bale, it is calculated that the voidage of the imported and domestic cotton bale is ̱ 60% and ̱70 respectively. All 
void is filled with air. With the heat source, it is enough to keep the cotton burn slowly. In general, the combustion starts 
from a part or a small range. Regarding such combustion, the flame is invisible, and it is in the smoldering status. 
Cotton and other textile raw materials which are generally pressed and stored in bags have the characteristics of 
smoldering. Because there is a layer of wax on the surface of the cotton fibers, once a fire breaks out, water cannot penetrate 
into the center of the cotton bags. As a result, the surface fire has been extinguished, but the fire inside hasn’t been 
extinguished. Therefore, after putting off the surface fire, the smoldering of the cotton inside would continue secretly. If it 
isn’t found timely, an afterburning would happen later.  
 
2.4 Difficult to control fires  
 
Since most textile raw materials and textile products are combustible, coupled with the large reserve, quick spread of 
fire, high temperature, big smoke and large amounts of toxic gases, so it needs a lot of people and vehicles to control the fire. 
The fire fighting would last ten hours, or even dozens of hours, resulting in large losses. Without building restrictions, open 
yards usually stock a large number of materials. And there is no fire barrier between piles and piles. Once a fire breaks out, 
many piles will be burnt simultaneously, resulting in a large burning area. What’s more, piles would collapse and bales 
would pile up on the passageway so that the burning piles will be linked as a large area of fire. And the spread speed of 
flames is very fast. After putting off the fire, it needs to check the piles one by one, extinguish the remaining flame and 
evacuate unburnt goods. The source of fire will be completely eliminated after a long-time fighting. Thus, it needs a lot of 
manpower and material resources to put off the fire burning in piles. 
At 00:00 on November 13th, 2000, the cotton storage in Minhang District of Shanghai caught fire. 21,090,000 tons of 
cotton are burned up or damaged, accounting for RMB 3,100,000 of loss. The building loss reached RMB 140,000. The loss 
damaged by water was RMB 390,000. In total, the direct property loss was RMB 3,630,000. The frame structure of the 
storage is with 5-layer steel and concrete. The fire fighters put out fire after they arrive at the site. The open fire on the 
surface of the cotton bale was put out, but the fire inside still burned (The area of each stacking is 150m2.). At 8:00 on 
November 14th, under the circumstance that the fire behavior was controlled, 3 teams were organized to wear air breathing 
apparatus and implement putting out the fire by storm in the storage in the form of turning over the stacking and bales. After 
over 30 hours of fire attack, the fire was put out at 11:25 on November 14th. 
 
2.5 Harmful fire smoke and toxic gases  
      
Generally, the burning of the textile fiber will generate some smoke. However, the smoke will reduce the visibility, and 
also there is some toxic gas, which exerts great harm to the evacuation and the fire fighters. Therefore, the smokiness of the 
fiber burning and the toxicity of the combustion gas are also the important factors leading the expansion, spreading and 
damage of the fire in the textile raw materials and textile products. The main gas the fiber material generates during the 
combustion is CO and CO2. However, during the smoldering, it will generate aldehyde, acrolein, lower fatty acid, etc. When 
the synthetic fiber burns, it will also generate specific toxic gas except CO and CO2 due to the different elements contained 
in the structure. Table.1 and Table.2 list the generation of the smoke and its impact on the visibility during the combustion 
of some fabrics. 
Table 1. ability Reduction of Some Textiles 
Fabric Samples Visibility Reduction /% Smoke Density 
Polyacrylonitrile 97 1.5 
Cotton fabrics 4 0.02 
Cotton fabrics after fire retardant treatment 98 1.7 
Viscose 4 0.02 
Wool 18 0.09 
Nylon 6 0.03 
Dacron 28 0.14 
65/35 cotton-polyester blended fabric 99 2.00 
55/45 decron-wool blended fabric 98 1.70 
PVC fabric 34 0.18 
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Table 2. Gas Generated by 1g Fiber Material during Combustion in the Air  (mL) 
Fiber Name HCN NH3 H2 CH4 CO CO2 
Acrylic fiber 56.0 24.6 8.1 7.7 3.9 717.6 
Wool 34.4 41.1 0 0 31.1 636.2 
Silk 31.9 47.2 0 0 4.7 620.9 
Cotton ü ü 0 0 13.3 407.2 
Nylon ü 32.2 4.3 9.7 ü ü 
 
2.6 Damage of retardant fibers and fabric combustion products 
 
At present, all countries attach great importance to the flame retardant property of the textile products. The 
inflammable and combustible fibers become flame retardant fibers and textile products after fire retardant treatment, so that 
the danger of the fire will be reduced. However, every coin has its two sides. It is found that retardant fibrous materials have 
some impacts on human health and the environment. During the fire retardant treatment, the halogen-containing fire 
retardant and nitrogen-containing fire retardant can generate stimulus acid content (HX), HCN, and so on during the 
combustion, which will increase the toxicity of the smoke. However, due to the incompletion combustion of the textile fiber 
and its fiber products with the fire retardant generate, they will increase the concentration of CO and aggravate the toxicity 
of the effluent gases, and thus greater casualties will be caused. 
The environment protection and monitoring by the buffalo fire brigade in New York indicates that, there is no 
poisonous substance in the fire control areas they stay. However, according to 14 cases of fire alarm, it turns out that 86% of 
all housings are made of wood and brick. Within 10 days after the fire alarm, there is still CO and benzene. Besides, there is 
hydrogen cyanide and volatile organic compounds in the fire alarm environment. The concentration of some substance is ı 
l0 mg/m3. 
 
2.7 Large consumption of water  
      
Due to the mass material, high heat value, and good ventilation of the open storage, it is quite difficult to put out the 
violent fire of the open storage. In addition, the textile bales collapsed after the burning, and the passageways were blocked 
due to the piling of the bales, which puts extinguishment work into great trouble. Meanwhile, a large area of the open 
storage is caught fire. So much water is required during the fire attack. Moreover, it is necessary to gather a great number of 
manpower and material resources to put out the fire. For some stacking, it takes only several minutes to control the fire on 
the surface. However, the internal smoldering continuously gives rise to rekindling of the stacking. Therefore, it takes long 
time to put out the fire. So many storages are far away from the urban areas. The water supply and road condition are 
relatively poor. The fire fighting apparatus is insufficient, and the fire force is limited, which increases the difficulty of 
extinguishment. 
 
3. Summary 
 
      A large number of big fire cases suggest that fire disasters usually caused by the weak management of fire safety. 
Therefore, the storage units of textile materials and textile products shall comply with fire control laws, regulations and 
rules, implement the fire control policy of “Putting prevention first and combining prevention with fire-fighting”, fulfill the 
fire safety responsibilities and implement fire safety measures so as to effectively prevent and curb the occurrence of fire 
accidents. In this thesis, it makes analyses on the fire risk of textile materials and textile products storage with a hope to do 
well in the fire safety management of textile materials and textile products storage. It points out that we should take site 
selection, layout, setting of fire facilities, safety measures and other aspects of storage places fully into consideration to 
ensure its safety. It also provides strong theoretical bases to improve the self-help and self-self-defence ability of units and 
ensurie our personal safety. 
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